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Mitochondrial calcium uptakeERp57 participates in the regulation of calcium homeostasis. Although ERp57 modulates calcium
ﬂux across the plasma membrane and the endoplasmic reticulummembrane, its functions on mito-
chondria are largely unknown. Here, we found that ERp57 can regulate the expression of the mito-
chondrial calcium uniporter (MCU) and modulate mitochondrial calcium uptake. In ERp57-silenced
HeLa cells, MCU was downregulated, and the mitochondrial calcium uptake was inhibited, consis-
tent with the effect of MCU knockdown. WhenMCU was re-expressed in the ERp57 knockdown cells,
mitochondrial calcium uptake was restored. Thus, ERp57 is a potent regulator of mitochondrial
calcium homeostasis.
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
ERp57, also known as Pdia3, Grp58, ER60 and 1,25D3-MARRS,
is an endoplasmic reticulum (ER) protein. ERp57 has protein
disulﬁde isomerase activity and can interact with calreticulin
and calnexin to ensure the correct folding of newly synthesised
glycoproteins. As a molecular chaperone, ERp57 participates in
the assembly of the major histocompatibility complex class 1 in
the ER [1]. Apart from its chaperone function, ERp57 can regulate
the activity of H+, K+-ATPase [2]. ERp57 is also found in various
other subcellular locations. In mitochondria, ERp57 associates
with and stabilises mitochondrial l-calpain [3]. In the plasma
membrane, ERp57 functions as a receptor of 1,25-dihydroxyvita-
min D3 and modulates calcium and phosphate uptake [4]. In
the nucleus, ERp57 was able to bind to speciﬁc DNA sequences
in several cell lines [5,6], suggesting its potential role in regulat-
ing gene expression.
Calcium signalling is involved in many cellular processes, such
as gene expression, cell proliferation and cell death. ERp57 has a
vital role in calcium homeostasis. In ERp57-knockout mice, thapsi-
gargin-induced cytosolic calcium increase is enhanced. However,
bradykinin, an agonist of the IP3 receptor, induces a decrease in
the cytosolic calcium increase in these mice, although this is not
signiﬁcantly different from the effect in wild-type mice [7].
ERp57 also modulates the activity of SERCA2b in a calcium-depen-
dent manner, suggesting its role in ER calcium homeostasis [8].Furthermore, ERp57 interacts with STIM1 and modulates
store-operated calcium entry. In ERp57-knockdown cells, store-
operated calcium entry is enhanced [9]. These results suggest that
ERp57 participates in regulating calcium signalling. However, the
speciﬁc mechanism of ERp57 in regulating calcium homeostasis
remains to be demonstrated.
Mitochondria play an important role in cellular calcium
homeostasis. Calcium uptake by mitochondria can shape cytosolic
calcium signals and alter the activity of oxidative phosphorylation
[10]. Since the gene encoding the mitochondrial calcium uni-
porter was discovered in 2011 [11,12], researchers have made
signiﬁcant progress in understanding the physiology of MCU. An
MCU regulator, MICU1, was found to set the threshold for MCU
mediated mitochondrial calcium uptake and prevent mitochon-
drial calcium overload [13,14]. Moreover, MCU participates in
many cellular processes. In b-cells, MCU is a regulator of mito-
chondrial ATP synthesis [15]. In MDA-MB-231 breast cancer cells,
MCU potentiates ionomycin-induced and caspase-independent
cell death [16]. Furthermore, the inhibition of MCU prevents
hypoxia/reoxygenation and ischemia/reperfusion injury [17,18].
Though it has been reported that MCU can be downregulated
by neuroprotective synaptic activity [19] and by miR-25 [20],
the deﬁnite mechanisms regulating the expression and activity
of MCU are still unknown.
ERp57 modulates calcium ﬂux across the ER and plasma mem-
brane. However, whether ERp57 affects the calcium homeostasis of
mitochondria is still unknown. In this paper, we demonstrate that
ERp57 can regulate the expression of MCU and affect the mito-
chondrial calcium uptake. The knockdown of ERp57 caused a
signiﬁcant decrease in MCU and a remarkable reduction in
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of MCU can rescue the decreased mitochondrial calcium uptake
in ERp57-knockdown cells. These data reveal that ERp57 might
participate in regulating the function of mitochondria.
2. Materials and methods
2.1. Cell culture
HeLa cells, purchased from the National Platform of Experimen-
tal Cell Resources Centre of China (Beijing, China), were grown in
Dulbecco’s modiﬁed Eagle’s medium (DMEM, Life Technologies,
Gaithersburg, MD, USA) supplemented with 10% Fetal Bovine
Serum (FBS, Hyclone, Logan, UT, USA), 100 U/ml penicillin and
100 mg/ml streptomycin (Life Technologies) at 37 C and 5% CO2.
The medium was changed every 3 days.
2.2. Solution
The following solutions were used in this paper (in mM): nor-
mal bath solution: 140 NaCl, 5 KCl, 1 MgCl2, 2.4 CaCl2, 1.25 NaH2-
PO4, 10 HEPES, and 11 glucose. Zero-calcium bath solution: 140
NaCl, 5 KCl, 1 MgCl2, 1.25 NaH2PO4, 2 EGTA, 10 HEPES, and 11 glu-
cose. 10-calcium bath solution: 140 NaCl, 5 KCl, 1 MgCl2, 10 CaCl2,
1.25 NaH2PO4, 10 HEPES, and 11 glucose.
2.3. RNA interference
siRNAs were synthesised by Shanghai GenePharma Co., Ltd.
HeLa cells were digested in 0.25% trypsin + EDTA (Life Technolo-
gies), then grown on coverslips in six-well plates at 0.8  105 cells
per millilitre. After 24 h of culture, the cells were transfected with
siRNAs using Lipofectamine-2000 transfection reagent (Life Tech-
nologies) according to the manufacturer’s instructions. As the neg-
ative control, NC-siRNA (50-UUC UCC GAA CGU GUC ACG UTT-30)
was used. For ERp57 knockdown, HeLa cells were transfected with
the ERp57-siRNA (50-GGG CAA GGA CUU ACU UAU UTT-30) [21].
MCU was silenced by transfecting the following siRNA (50-GCA
AGG AGT TTC TTT CTC TTT-30) [11,22]. Cells were used after 72 h
of transfection.
2.4. Plasmids
The plasmid pcDNA3.1-mito-GCaMP2 was a kind gift from Dr.
Xianhua Wang (Institute of Molecular Medicine, Peking University,
Beijing, China). In this plasmid, the GCaMP2 calcium indicator was
ligated with a mitochondrial targeting sequence [23]. The plasmid
GV147-MCU was purchased from Shanghai GeneChem Co., Ltd.
Brieﬂy, MCU was cloned and ligated with the red ﬂuorescent pro-
tein DsRed.
2.5. Quantitative real-time PCR
Cells were harvested and lysed in Trizol Reagent (Life Technol-
ogies), and the total RNA was extracted and reverse transcribed to
cDNA by RNA reverse transcriptase III reagent (Life Technologies).
Quantitative real-time PCR was conducted using the Brilliant II
SYBR Master Mix (Agilent technologies, Palo Alto, CA, USA) per
the manufacturer’s instructions. The primers used were as follows:
ERp57 forward primer: CCTGGTATTTCCATAAACAGTG, reverse pri-
mer: GATCTCTAAAGCAGTAGCCAAAC; MCU forward primer:
TTCTCCATGTCCTCCCTCC, reverse primer: TTCCTTCTCCCTCCACC
AC; GAPDH forward primer: CCATCTTCCAGGAGCGAGAT, reverse
primer: TTGTCATGGATGACCTTGGC. The relative gene expression
level was calculated using the 2DDCT method [24].2.6. Western blotting
HeLa cells were lysed in RIPA lysis buffer supplemented with
1 mM PMSF (Beyotime Institute of Biotechnology, Nantong,
Jiangsu, China). Proteins were boiled at 100 C for 5 min in loading
buffer and prepared for SDS–PAGE. Antibodies against ERp57 were
used at a dilution ratio of 1:1000 (Abcam, Cambridge, MA, USA).
The MCU antibody was used at 1:500 (Sigma–Aldrich, St. Louis,
MO, USA). The HRP-conjugated GAPDH antibody was used at
1:10000 (KangChen Bio-tech Inc., Shanghai, China).
2.7. Mitochondrial calcium uptake measurements
HeLa cells, seeded on coverslips in six-well plates, were trans-
fected with ERp57-siRNA or MCU-siRNA. After 24 h, the cells
were transfected with pcDNA3.1-mito-GCaMP2. The mito-
GCaMP2 signal was captured by confocal microscopy (510, Zeiss,
Germany) using a 40 oil objective. Mito-GCaMP2 was excited
at 488 nm. One picture frame was captured every 2 s. After
20 s of base line recording, the cells were perfused with
100 lM histamine (Sigma–Aldrich) or adenosine-50-triphosphate
disodium salt (ATP-Na2) to induce mitochondrial calcium
uptake. The images were analysed, and the mean ﬂuorescence
intensities of the regions of interest were quantiﬁed by our IDL
program.
2.8. Mitochondrial membrane potential measurement
The mitochondrial membrane potential was measured by a cell
permeable dye, tetramethylrhodamine ethyl ester (TMRE, Life
Technologies), which is speciﬁcally sequestered by mitochondria.
Brieﬂy, HeLa cells coated on coverslips were transfected with
ERp57-siRNA or MCU-siRNA for 72 h, then 200 nM TMRE was
loaded into the cells at 37 C for 20 min. Confocal (510, Zeiss)
images were obtained at 543 nm excitation using a 40 oil objec-
tive. In addition, 10 lM FCCP (Life Technologies) was added for
15 min to achieve a sharp mitochondrial membrane potential
decrease. The images were analysed, and the mean ﬂuorescence
intensity was quantiﬁed by our IDL program.
2.9. Mito-tracker green staining
HeLa cells coated on coverslips were transfected with
MCU-DsRed plasmid for 24 h. Cells were stained with 100 nM
mito-tracker green (Beyotime Institute of Biotechnology) in nor-
mal bath solution in 37 C for 20 min. Confocal (510, Zeiss) images
were obtained using a 40 oil objective. Mito-tracker green was
excited at 488 nm. DsRed was excited at 550 nm.
2.10. Cytoplasmic calcium response
HeLa cells cultured on coverslips were transfected with ERp57-
siRNA or MCU-siRNA for 72 h. A 1 lm concentration of Fura-2 AM
(Life Technologies) was loaded into the cells at 37 C for 10 min.
The Fura-2 signals were imaged by a speciﬁc device (Olympus,
Tokyo, Japan) using a 40 oil objective. One picture frame was cap-
tured every 2 s. After 20 s of base line recording, 100 lM histamine
was added to induce a cytoplasmic calcium increase. The images
were analysed, and the ratio of the mean ﬂuorescence intensity
at 340 nm and 380 nm (R) was quantiﬁed.
2.11. Calibration of Fura-2 calcium concentration
HeLa cells cultured on coverslips were loaded with 1 lM Fura-2
AM. Then, the cells were transferred to a zero-calcium bath
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(Beyotime Institute of Biotechnology) for 15 min. The fura-2 sig-
nals were captured, and the ﬂuorescence intensity ratio was cali-
brated to the calcium concentration using the following equation
[25]:
½Ca2þ ¼ Kd  ðSf=SbÞ  ðR  RminÞ=ðRmax RÞ
where Kd = 250 nM, Sf = 1472.1, Sb = 210.6, Rmin = 0.51,
Rmax = 5.6.Fig. 1. Knockdown of ERp57 inhibits mitochondrial calcium uptake. (A) The mRNA level
⁄⁄⁄, P < 0.001. (B) The protein level of ERp57 signiﬁcantly decreased 72 h after transfec
statistical results of ERp57 knockdown. n = 3, ⁄⁄⁄, P < 0.001. (C) Representative images of h
siRNA) and ERp57-knockdown (ERp57-siRNA) HeLa cells. Scale bar: 10 lm. (D) (Left) Ki
ERp57-knockdown cells in response to histamine (100 lM) stimulation. (Right) The a
silenced HeLa cells. NC-siRNA, n = 41; ERp57-siRNA, n = 46, ⁄⁄, P < 0.01. (E) The amplitud
the ERp57 silenced HeLa cells. NC-siRNA, n = 86; ERp57-siRNA, n = 91, ⁄⁄⁄, P < 0.001.2.12. Statistics
All the data were analysed by SigmaPlot software (Systat Soft-
ware Inc., Richmond, CA, USA). Statistical results are presented as
the mean ± S.E. derived from at least three independent experi-
ments. For two group comparisons, student’s t test or Rank-Sum
test was used. For more than three group comparisons, Kruskal–
Wallis one-way ANOVA followed by Dunn’s Method pairwise com-
parison was used. P < 0.05 was considered a statistically signiﬁcant
difference.of ERp57 signiﬁcantly decreased 72 h after transfection with siRNA for ERp57. n = 3,
tion with siRNA for ERp57. (Left) A typical ERp57 Western blot result. (Right) The
istamine-induced mitochondrial calcium increase in both the negative control (NC-
netics of the mitochondrial calcium response in the HeLa negative control and the
mplitude of mitochondrial calcium increase signiﬁcantly decreased in the ERp57
e of ATP (100 lM) induced mitochondrial calcium uptake signiﬁcantly decreased in
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3.1. Knockdown of ERp57 inhibits mitochondrial calcium uptake
As previous papers have reported, ERp57 can modulate calcium
ﬂux across the ER and plasma membranes [8,9]. Here, we silenced
the expression of ERp57 and examined its effect on calcium ﬂux
across the mitochondrial membrane. The speciﬁc siRNA [21] tar-
geting human ERp57 (NCBI Gene ID: 2923) was transfected into
HeLa cells for 72 h, then real-time PCR andWestern blot were used
to detect the mRNA and protein levels, respectively. Both the
mRNA and protein levels of ERp57 decreased by more than 80%
in ERp57 siRNA transfected cells (Fig. 1A and B). The mitochondrial
calcium uptake was measured by mito-GCaMP2, a mitochondria
locating calcium indicator [23]. The application of histamine
(100 lM) to HeLa cells induced a robust mitochondrial calcium
increase in negative control cells (Fig. 1C, upper panel) by increas-
ing the cytosolic calcium concentration [26,27]. Interestingly, the
amplitude of mitochondrial calcium increase was signiﬁcantly
decreased in ERp57 silenced HeLa cells compared with the nega-
tive control group (Fig. 1C and D). To conﬁrm this result, we
applied ATP (100 lM) to the HeLa cells, which can also induce
mitochondrial calcium uptake. Similar to histamine, ATP induced
a decrease in the mitochondrial calcium increase in the ERp57-
knockdown cells (Fig. 1E). These results demonstrated that
ERp57 modulates mitochondrial calcium uptake.Fig. 2. Knockdown of ERp57 has no effect on the mitochondrial membrane potential and
the NC-siRNA and the ERp57-siRNA transfected HeLa cells was not signiﬁcantly different
unchanged after knockdown with ERp57. (C) Kinetics of histamine (100 lM)-induced cyt
The peak value of the histamine (100 lM)-induced cytosolic calcium increase was the s3.2. DWm is not responsible for the decreased mitochondrial calcium
uptake in ERp57-knockdown cells
The mitochondrial membrane potential (DWm) was the driving
force for calcium inﬂux into the mitochondria. The difference in
mitochondrial calcium uptake between the ERp57-knockdown
cells and the control cells may have been due to different DWm.
Thus, we measured TMRE ﬂuorescence intensities in the control
and ERp57-knockdown cells. The basal DWm was the same
between the two groups, and the oxidative phosphorylation
uncoupler FCCP induced a sharp decrease in TMRE ﬂuorescence
(Fig. 2A). Therefore, the difference in mitochondrial calcium uptake
between the ERp57-knockdown cells and the negative control cells
was not due to a smaller driving force for calcium uptake in the
ERp57-knockdown cells.
3.3. Knockdown of ERp57 has no effect on cytosolic calcium response
It has been reported that the uptake of calcium by MCU across
the inner mitochondrial membrane occurs when the extra-
mitochondrial calcium concentration is greater than 200 nM
[28]. Moreover, a higher extra-mitochondrial calcium concentra-
tion contributed to a higher rate of mitochondrial calcium uptake
[13]. These results suggest that higher cytosolic calcium concen-
trations will induce greater mitochondrial calcium uptake. Thus,
we tested whether ERp57 knockdown had any effect on thecytosolic calcium. (A) The mitochondrial membrane potential measured by TMRE in
. FCCP used as a positive control. (B) The cytosolic basal calcium concentration was
osolic calcium increase in the NC-siRNA and ERp57-siRNA transfected HeLa cells. (D)
ame in the NC-siRNA and ERp57-siRNA transfected HeLa cells.
Fig. 3. ERp57 affects the expression of the mitochondrial calcium uniporter. (A) The mRNA level of MCU signiﬁcantly decreased 72 h after transfection with siRNA for ERp57.
n = 3, ⁄⁄⁄, P < 0.001. (B) The protein level of MCU signiﬁcantly decreased 72 h after transfection with siRNA for ERp57. (Left) A typical MCU Western blot result. (Right)
Statistical results. n = 3, ⁄⁄, P < 0.01. (C) The mRNA level of MCU signiﬁcantly decreased 72 h after transfection with siRNA for MCU. n = 3, ⁄⁄⁄, P < 0.001. (D) The protein level of
MCU signiﬁcantly decreased 72 h after transfection with siRNA for MCU. (Left) A typical MCU Western blot result. (Right) Statistical results from MCU knockdown. n = 3, ⁄⁄,
P < 0.01. (E) (Left) Kinetics of mitochondrial calcium responses in the HeLa negative control and the MCU knockdown cells in response to histamine (100 lM) stimulation.
(Right) The amplitude of mitochondrial calcium increase signiﬁcantly decreased in the ERp57 silenced HeLa cells. NC-siRNA, n = 62; MCU-siRNA, n = 50, ⁄⁄, P < 0.01.
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measured the basal calcium concentration of ERp57-knockdown
cells, and did not ﬁnd any difference from the control group
(NC-siRNA: 41.62 ± 4.97 nM; ERp57-siRNA: 35.84 ± 6.45 nM,
mean ± S.E., Fig. 2B). Then, we used 100 lm histamine to induce
calcium release from the ER (Fig. 2C). The peak value of hista-
mine-induced cytoplasmic calcium increase was not different
between the two groups (NC-siRNA: 295.24 ± 14.44 nM; ERp57-
siRNA: 299.61 ± 15.42 nM, mean ± S.E., Fig. 2D). In ERp57 silenced
cells, thapsigargin-induced calcium leak was decreased and the
subsequent capacitative calcium entry was enhanced (Supple-
mentary Fig. S1). This phenomenon may explain ERp57 knock-
down had no impact on cytosolic calcium homeostasis. Our
data suggest that the decreased mitochondrial calcium uptakein the ERp57-knockdown cells was not due to a decreased cyto-
plasmic calcium response.
3.4. ERp57 regulates the expression of MCU
The mitochondrial calcium uniporter (MCU, NCBI Gene ID:
90550) has been deﬁned as the calcium inﬂux channel in the inner
membrane of the mitochondria [11,12]. However, the mechanisms
regulating the expression and activity of MCU are largely unclear.
Previous works reported that ERp57 affected the activity of some
transcription factors, such as STAT3 and AP-1 [29,30], suggesting
a potential role for ERp57 in regulating gene expression. Thus,
we speculated that ERp57 might regulate the expression of MCU.
Consistent with this hypothesis, both the mRNA and protein levels
2092 J. He et al. / FEBS Letters 588 (2014) 2087–2094of MCU were signiﬁcantly decreased in the ERp57 silenced cells
(Fig. 3A and B). However, whether the downregulation of MCU in
ERp57 silenced cells contributed to the decreased mitochondrial
calcium uptake was not veriﬁed. We therefore transfected the
MCU targeted siRNA to silence MCU (Fig. 3C and D) and detected
the mitochondrial calcium uptake in these cells. In accordance
with previous studies, MCU knockdown reduced the histamine-
induced mitochondrial calcium uptake (Fig. 3E) but did not alter
DWm (data not shown). A cytosolic calcium increase in response
to histamine stimulation was detected. The basal calcium
concentration was 49.65 ± 6.23 nM (mean ± S.E.), and the peak
value of histamine-induced cytosolic calcium increase was
281.67 ± 12.73 nM (mean ± S.E.), which was not different com-
pared with ERp57-knockdown and control cells. These results
demonstrated that ERp57 can regulate the expression of MCU.
3.5. ERp57 regulates mitochondrial calcium uptake through MCU
To study whether the effect of ERp57 on mitochondrial calcium
uptake was directly through MCU, we cloned MCU with the RFP
reporter gene DsRed in its C-terminus. MCU-DsRed was then trans-
fected into ERp57 silenced cells. The Western blot results showed
that in the MCU expressing plasmid transfected cells, there was a
MCU-DsRed band that was larger than that of the endogenous
MCU (Fig. 4A). Note that the MCU expression level was decreasedFig. 4. ERp57 modulates mitochondrial calcium uptake through MCU. (A) Overexpressio
cells overexpressing MCU-DsRed. Scale bar: 20 lm. Inset: higher magniﬁcation shows th
calcium uptake in the HeLa negative control, the ERp57-knockdown and the ERp57
stimulation. (D) The peak value of mitochondrial calcium increase in response to hista
siRNA + Vector (siE + vector) group. NC-siRNA, n = 71; ERp57-siRNA, n = 75; ERp57-siRNAin the ERp57-knockdown cells, in agreement with the data above.
As shown in Fig. 4B, MCU was in a puncta like pattern in the HeLa
cells. Similar to the data presented in Fig. 3, the knockdown of
ERp57 inhibited the mitochondrial calcium uptake. However, the
peak value of histamine-induced mitochondrial calcium increase
was not different between the control and the ERp57-
knockdown/MCU overexpressed cells. Overexpression of MCU
restored the decreased mitochondrial calcium uptake in the
ERp57-knockdown cells (Fig. 4C and D). These results demonstrate
that ERp57 regulates mitochondrial calcium uptake by regulating
the expression of MCU.
4. Discussion
In the present study, we found a MCU regulatory protein,
ERp57, which can modulate MCU expression and mitochondrial
calcium uptake. Since the discovery of CCDC109A as the mitochon-
drial calcium uniporter, many studies have focused on the regula-
tion of MCU activity. For example, MICU1 sets the calcium uptake
threshold for MCU. In this study, for the ﬁrst time, a protein that
can regulate mitochondrial calcium uptake at transcription levels
by modulating the expression of MCU was discovered.
ERp57 is a multifunctional protein. The role of ERp57, especially
when localised in the ER, has been broadly investigated, but the
function of ERp57 in other organelles has been only partiallyn of MCU-DsRed in ERp57-knockdown HeLa cells. (B) Representative image of HeLa
e puncta like pattern of MCU-DsRed. Scale bar: 5 lm. (C) Kinetics of mitochondrial
-knockdown plus MCU overexpressing cells in response to histamine (100 lM)
mine stimulation. There’s no difference between ERp57-siRNA group and ERp57-
+ Vector, n = 45; ERp57-siRNA + MCU (siE + MCU), n = 73, ⁄⁄⁄, P < 0.001, ⁄⁄, P < 0.01.
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mitochondrial l-calpain and promote the cleavage of apoptosis
inducing factor [3]. The co-translocation of ERp57 and calreticulin
to the plasma membrane can regulate the immunogenicity of cell
death [31]. Moreover, ERp57 has also been found in cerebrospinal
ﬂuid to interact with Ab [32]. ERp57 can affect the activity of some
transcription factors, such as STAT3 and AP-1 [29,30,33], and can
bind to speciﬁc DNA sequences in the nucleus [5,30]. However,
whether it can regulate the expression of genes was as yet
unknown. In this paper, we silenced the expression of ERp57 by
a speciﬁc siRNA used in another paper [21], and discovered a
downstream gene of ERp57, MCU, which was important in modu-
lating mitochondrial calcium homeostasis. The mRNA level of
MICU1, MICU2, MCUb, MCUR1 and EMRE, the members of MCU
complex [34], were not affected by silencing of ERp57 (data not
shown). Although the speciﬁc transcription factor regulating the
expression of MCU was unknown, our results suggest that further
study of the MCU speciﬁc transcription factor and of mitochondrial
calcium homeostasis is merited.
Mitochondrial calcium is an important part of the cellular cal-
cium signalling system. Mitochondrial calcium uptake can shape
the cytoplasmic calcium increase [12]. Our results showed that
MCU knockdown inhibited mitochondrial calcium uptake without
affecting the cytoplasmic calcium increase. This may reﬂect the
incomplete inhibition of MCU and MCU mediated mitochondrial
calcium uptake. This result may also be due to the weak calcium
buffering ability of mitochondria. In physiological conditions, the
calcium uptake by mitochondria through MCU is low compared
with other calcium removal pathways [35]. Thus, mitochondrial
calcium uptake had very little effect on the cytoplasmic calcium
concentration. Our results demonstrate that the effect of ERp57
on mitochondrial calcium uptake is not due to the different
response of histamine-induced cytoplasmic calcium increase.
In MCU-DsRed overexpressed cells, an extra band was found. To
test whether the extra band was due to protein degradation in our
protein extract procedure, we used a larger amount (2-fold
increase) of protease inhibitor cocktail and PMSF. However, the
extra band still exists. So we speculate that it could be an incorrect
expressed MCU-DsRed fragment. We also noticed that the calcium
release from mitochondria in ERp57-siRNA/MCU overexpression
group was slower than other groups (Fig. 4C). This may be due to
the saturation of mito-GCaMP2 in response to 100 lM histamine
in MCU overexpressed cells. In summary, our ﬁndings indicate that
the effect of ERp57 on the mitochondrial calcium uptake did result
from its regulation of MCU expression.
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